mies 
ChinaXiv& (ERAT 
30% 38 5H] M Fl Jr p ie tk Vol. 30 No. 5 
2016 4£ 5 Jj CHINESE JOURNAL OF MATERIALS RESEARCH May 2016 


a 


202303.10761v1 


chinaXiv 


SiC 4F4E1S BRRSOMARANT 
AY 24 (EL RSS TUI 


HERO I RA ARX! ARX. 


LAME ARS GRAS PAR 210016 
2. PERRERA YEMA 110016 


T KAA IR CRW IEW Y SiC AER SiC/Ti-6A1-4V BGA BLY Hl RAE, ESE SISA TR ART SE T AIS Bot 
SiC FERRARA GA BEE RRM at. RR, SIC APE HI RITE, MAREA CURE 
IE PRE Wi] WC RME P HAAA AR. ESS AAA SER SE, AER O PE A EE SOE BID SG 


HEK, AER ETE IVE PIS BR OS BUE ERRE, PRA Ua SE BEA T e ELS IEEE FIO EHE A EHI 


Ee re; X5 A De em AG Sa HS i PRE PAE AS IO MARA EJE FEE e KK KSEE AAR EI RAR AE 94 fe AA E PE 
AVE IRRE, BEC BRE AR EPI RRE. EDN AE HIS FE 950-9600, SE FH HEISE TELA 9 h, 
££ [S] EE PEN 70-80 mm, £T IAS 4596-5096. SIC ZF HEY gH EK SE SS AS A BL RAS TA) SF p YES T 
MUA E MAA, (EXE FECE (A IE. 

Ki] MESA, SICA, SBE, RAH, AIR CR 
AS TB331 MEFS  1005-3093(2016)05-0355-10 


Numerical Simulation on Residual Stress of SiC Fiber 
Reinforced Titanium Matrix Composite 


ZHANG Zhichao’ WANG Yumin” LI Yufang' BAI Chunguang 
1.College of Material Science and Technology, Nanjing University of Aeronautics and Astronautics, 
Nanjing 210016, China 
2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China 
Manuscript received May 28, 2015, in revised form October 27, 2015. 
*To whom correspondence should be addressed, Tel: (024)23971962, E-mail: yaminwang@imr.ac.cn 


ABSTRACT FEM calculation for the preparation process of SiC fiber and SiC/Ti-6AI-4V composite was 
carried out to investigate the effect of different processing parameters on the residual stress of the SiC fi- 
ber as well as the densification behavior and residual stress of the composite. The results show that, for 
the fabrication process of fibers, the axial thermal stress of the WC layer decreases with the decrease of 
deposition temperature and thickness of C layer. For the densification of composites, HIP temperature 
and sheath thickness have greater impact on the density, but HIP time and fiber volume fraction have 
smaller impact; with the increasing HIP temperature and decreasing sheath thickness, the density of the 
composite could be enhanced; the radial residual stress on the matrix greatly increases with the in- 
crease of HIP temperature and fiber volume fraction and decrease of sheath thickness appropriately; the 
hoop residual stress on the matrix greatly decreases with the increase of HIP temperature and sheath 
thickness, while decrease of HIP time appropriately. Finally the following processing parameters were rec- 
ommended for preparation of SiC/Ti-6Al-4V composite with good quality: HIP temperature 950-960°C , 
HIP time 9 h and sheath thickness 70-80 mm and fiber volume fraction 45%-50%. FEM calculation re- 
sults show some differences with those measured in the experiment for the residual stress of the compos- 
ite, but with similar variation tendency. 

KEY WORDS titanium matrix composite, SiC fiber , densification, residual stress, finite element simula- 
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Material properties WwW WC SIC C 
Young's modulus E/GPa 411 379 400 110 
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Poisson ratio v 0.28 0.23 0.17 0.23 
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Table 3 Material properties of Ti-6A1-4V matrix and cap- 
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Table 4 Average axial thermal stress of WC layer for orthogonal experiment 


ius Deposition WC layer SiC layer C layer 
actor 
temperature thickness thickness thickness 
Average valuel/MPa 798.929 986.001 993.842 967.442 
Average value2/MPa 981.185 989.853 985.629 985.437 
Average value3/MPa 1177.644 981.905 978.287 1004.879 
Range 378.715 7.948 15.555 37.437 
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Fig.6 Effect of SiC fiber parameters on WC layer axial thermal stress (a) deposition temperature; (b) WC 
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Table 5 Density orthogonal experiment table 


Factor HIP temperature HIP time Can thickness Fiber volume fraction 
Average valuel 0.872 0.883 0.921 0.885 
Average value2 0.878 0.893 0.888 0.883 
Average value3 0.886 0.896 0.880 0.888 
Average value4 0.897 0.889 0.878 0.894 
Average value5 0.913 0.885 0.878 0.898 

Range 0.041 0.013 0.043 0.015 
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Fig.7 Effect of HIP parameters on densification (a) temperature; (b) time; (c) thickness; (d) fiber volume fraction 
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Table 6 F-point radial residual stress orthogonal experiment table 


Factor HIP temperature HIP time Can thickness Fiber volume fraction 
Average valuel/MPa 98.165 102.415 160.275 75.131 
Average value2/MPa 115.972 118.780 127.898 97.289 
Average value3/MPa 122.139 133.557 116.792 125.420 
Average value4/MPa 128.149 130.117 113.262 146.759 
Average value5/MPa 155.747 135.303 101.945 175.574 

Range 57.582 32.888 58.330 100.443 
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Fig.9 Effect of HIP parameters on radial residual stress: (a) temperature; (b) time; (c) thickness; (d) fiber 
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Table 7 F-point hoop residual stress orthogonal experiment table 

Factor HIP temperature HIP time Can thickness Fiber volume fraction 
Average value 1/MPa 262.096 193.320 247.252 232.807 
Average value2/MPa 244.531 225.072 244.391 233.402 
Average value3/MPa 226.111 229.351 237.901 230.886 
Average value4/MPa 224.497 244.647 233.652 224.659 
Average value5/MPa 191.201 256.047 218.472 226.683 

Range 70.895 62.727 28.780 8.743 
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Fig.11 Axial stress distribution curve along radial direc- 


tion on the middle surface of symmetric model 
with different aspect ratio 
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Fig.13 Residual stress distribution of SiC fiber (a) nmid- 
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